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hallenges of Diagnosing
ong QT Syndrome in
atients With Nondiagnostic
esting QTc*
ojciech Zareba, MD, PHD
ochester, New York
iagnosing long QT syndrome (LQTS) in patients with
learly prolonged QTc (500 ms) on a resting electrocar-
iogram (ECG) is usually straightforward (1–3). Challenges
rise when patients present with QTc in the normal or
orderline zone (4). In 1992, at the beginning of the genetic
ra of LQTS, Vincent et al. (5) observed that QTc dura-
ions ranging from 410 to 470 ms may be observed among
oth LQTS carriers and noncarriers. Such an overlap might
elate to the varying penetrance of genes, the possible effect
f modifying genes, variability in QT duration, and inade-
uacy of the Bazett’s correction formula. With increasing
wareness of LQTS among physicians, the number of
atients with borderline QTc referred for evaluation con-
tantly increases, and recent cohorts of LQTS patients are
ominated by subjects presenting with a QTc 480 to 500
s. Because genetic testing is not readily available and it
sually takes several weeks before results of genetic testing
re obtained, clinicians need to rely on available information
r additional clinical testing that could be pursued if needed.
See page 1955
Because QTc duration in the borderline-normal range
ight be of limited diagnostic use, evaluating T-wave
orphology on standard ECGs is frequently helpful in
iagnosing LQTS patients. Several years ago, Moss and
obinson (6) described different patterns of repolarization
orphology in LQTS including flat T waves, bifid/notched
waves, broad-based T waves with slow upslope of the
nitial segment, peaked T waves, and more complex patterns
eflecting merged or overlapping T and U waves. Subse-
uent studies (7,8) revealed that specific patterns of T-wave
Editorials published in the Journal of the American College of Cardiology reflect the
iews of the authors and do not necessarily represent the views of JACC or the
merican College of Cardiology.E
From the Cardiology Division, University of Rochester Medical Center, Rochester,
ew York.orphology are associated with distinct genetic types of the
isorder. LQTS patients frequently show abnormal T-wave
orphology, and careful evaluation of all 12 leads is recom-
ended to determine the presence or absence of even subtle
hanges in T-wave shape. This is particularly useful in
atients with the LQT2 type who frequently present with
-wave morphology that is substantially distinct from that
f healthy subjects (whereas LQT1 frequently shows a
elatively normal T-wave pattern).
The analysis of QT during exercise for diagnostic pur-
oses was pursued earlier by other researchers. Krahn et al.
9) showed that QT hysteresis observed during exercise
esting may be helpful in the diagnosis of LQTS patients.
hey described that a difference in QT 21 ms between 1
in into recovery and early exercise measured using
atched heart rates may be indicative of LQTS. Takenaka
t al. (10) showed that QTc was significantly prolonged
uring exercise in LQT1 patients, whereas in LQT2 pa-
ients, exercise produced a prominent notch on the descend-
ng limb of the T-wave, with no significant changes in the
Tc. They demonstrated that LQT2 patients have a
teeper QT/R-R slope than LQT1 patients during exercise.
hey also showed that the TpTe was reduced in response to
hortening of the R-R interval in LQT2 patients, whereas
n LQT1 patients, the TpTe was significantly prolonged.
emec et al. (11) demonstrated that the heart rate depen-
ence of the QT interval was steeper in LQT2 and LQT3
han in LQT1 patients. Our own study by Couderc et al.
12) showed that the T-amplitude/R-R slope was significantly
atter in LQT2 patients than in both LQT1 patients and
ealthy individuals. All this research provides interesting in-
ight into QT/R-R dynamics; however, to date, these ap-
roaches were not implemented to be used on a daily basis.
Walker et al. (13) applied short-term burst exercise to
valuate sudden changes in QT and QTc duration associ-
ted with heart rate changes induced by this challenge and
ound that during the first 30 s of burst exercise, the QTc
ncreased by 60 ms in healthy controls, whereas it was more
rolonged to around 98 ms on average in subjects with
atent LQTS. Recently, the same group of researchers (14)
xtended their experience by demonstrating that several
xercise-induced repolarization parameters might be helpful
n diagnosing LQTS patients: greater prolongation of QTc
ith postural changes in LQT1 and LQT2 patients than in
ontrols, greater prolongation of QTc during exercise in
QT1 than in LQT2 and controls, more pronounced
ysteresis in LQT2 patients than LQT1 patients and
ontrols. They also demonstrated that beta-blockers nor-
alized the QTc changes seen with standing.
In this issue of the Journal, Viskin et al. (15) present a
imple approach to improve our ability to diagnose patients
ith LQTS. They evaluated whether short episodes of sinus
achycardia induced by standing might unveil repolarization
hanges that could complement findings observed on resting
CGs. They studied 68 LQTS patients (with a mean QTc
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May 4, 2010:1962–4 LQTS and Nondiagnostic Resting QTcf 465  44 ms) and 82 control subjects (with a mean QTc
f 405  25 ms) who had ECGs recorded in the supine
osition and subsequently were asked to stand up with
ontinuous electrocardiographic recording allowing heart
ate and QT response during this maneuver to be deter-
ined. In response to standing, heart rate increased rapidly
in about 10 s) to a similar extent (by 28  10 beats/min on
verage) in LQTS patients and in controls. At the same
ime, the QT interval duration shortened by 21  19 ms on
verage in control subjects and by 4  34 ms in LQTS
atients during maximal tachycardia. Heart rate and cor-
ected QTc interval increased by 50  30 ms and 89  47
s, respectively. The QTc during maximal QT prolonga-
ion (called QTc stretching by the authors) showed a similar
attern. A comparison of standing-induced QT changes
etween 31 LQT1 and 28 LQT2 patients revealed that this
henomenon of QT prolongation at maximum tachycardia
as observed mainly in LQT2 patients, whereas LQT1
atients showed a response more similar to that of control
ubjects. However, the authors did not provide information
egarding the statistical significance of LQT1 patients
ompared with controls. The proposed approach yielded a
ignificant improvement in the specificity of the diagnostic
esting for LQTS.
There are few aspects of the study worth commenting on.
he proposed approach based on standing-induced changes
n repolarization duration is simple and could be exercised
ithout much limitation, assuming that details of the
rotocol are provided. The authors indicate that the studied
ubjects were resting for 10 min, and subsequently their
CGs were recorded for 5 min during standing. From the
rticle, it is unclear whether the authors used a standard
2-lead electrocardiography unit and had a continuous
ecording option enabled or whether they applied a contin-
ous Holter recording. One would like to learn about
tandardization of the testing if further validation and
xercising of the proposed concept were expected. Applying
T measurements only if there is a minimal increase in
eart rate should be considered. As the authors describe,
ome of the referred patients might already be taking
eta-blockers and their response might be blunted. It is
nclear whether a 10-, 20-, or maybe 25-beats/min increase
s sufficient to consider the test useful and valid. There is no
ufficient information in the article to empower readers with
he recommended application of the test.
Inclusion of patients on beta-blockers even after 26 to
0 h from the last dose is controversial and requires further
nvestigation. It is possible that the beta-blocking effect on
eart rate might alter results of the standing-induced QT
rolongation, and this effect might be different in LQT1
nd LQT2 patients. Recent data from Wong et al. (14)
how that beta-blockers affect the results of postural changes
f repolarization.
Applying any heart rate correction formula in the setting
f fast heart rate changes is particularly challenging because
ost corrections/equations do not adjust well for such
Yhanges, and they usually indicate significant QTc prolon-
ation, even in healthy subjects (16). The authors used
azett’s formula as their primary method of heart rate
orrection and also used Fridericia and Framingham formu-
ae as alternative methods. All these formulae yielded similar
esults and also indicated QTc prolongation in healthy
ubjects on standing. This observation indicates that we lack
ormal values for parameters reflecting such a dynamic
esponse of repolarization. Applying uncorrected QT versus
-R values might be a more appropriate approach, leading
o more accurate interpretation of the physiologic QT
esponse to a changing heart rate. A similar approach was
lready presented a few years ago by Fossa (17), who
emonstrated that the QT interval in response to standing
as helpful in differentiating the QT/R-R changes related
o physiological alterations in autonomic tone and blood
ressure compared with the QT/R-R changes related to
bnormal function of cardiac ion channels, whether drug
nduced or mutation related. To make it more practical for
hysicians using electrocardiography during standing for
iagnosing LQTS patients, one could propose prespecified
alues (boundaries) of absolute QT interval changes associ-
ted with R-R interval shortening by 200 ms, 300 ms, and
o on, which would delineate at what level of QT changes
he result of the test would be called abnormal.
The greatest challenge in interpreting studies evaluating
he usefulness of exercise in diagnosing LQTS patients
omes from the fact that there are differences among studies
n the observed response of repolarization to tested chal-
enges. For example, Walker et al. (13) found that burst
xercise induced significant QT shortening of about 120 ms
n LQTS patients. In the study by Viskin et al. (15), QT
hortened by only 4 ms on average in response to standing.
tanding-induced changes in QTc observed by Wong et al.
14) were similar in LQT1 and LQT2 patients, whereas
tanding-induced changes in QTc observed by Viskin et al.
15) were greater in LQT2 than in LQT1 patients. It is
uite possible that categorizing LQTS patients by affected
ene does not reflect the subject-specific nature of QT
daptation to changing heart rate (18). Relying on under-
tanding of the response of repolarization to changing heart
ate based only on 2 potassium ion currents (IKs and IKr)
ight not be sufficient because several other ion currents
nd mechanisms operating at the level of ventricular myo-
ardial cell and at the level of sinus node might play a role
n modifying the response of repolarization to heart rate.
ecent articles by Viskin et al. (15) and Wong et al (14)
urther challenge our understanding of repolarization dynam-
cs, but, at the same time, they serve as important milestones
ithout which progress will not be accomplished.
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